R Ro ol le e o of f E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y i in n t th he e E Em me er rg ge en nc cy y D De ep pa ar rt tm me en nt t Recently, smaller, more portable, and relatively inexpensive hand-held echocardiographic devices are becoming more widely available and may allow physicians greater accessibility to cardiac ultrasound scanning. 4) The hand-held echocardiographic examination can be used as an adjunct to information already obtained via the ECG and biomarkers for triage of patients with a low likelihood of cardiac chest pain. Thus, in a patient with normal ECG results, and CK-MB and troponin levels at the time of presentation, the additional absence of left ventricular wall motion abnormalities upon hand-held echocardiographic examination would indicate a sufficiently low risk for acute myocardial ischemia or infarction and may support the decision to discharge the patients directly from the ED.
E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y i in n I Is sc ch he em mi ic c H He ea ar rt t D Di is se ea as se e Echocardiography and the pathophysiology of acute ischemia
Regional wall motion abnormalities (RWMA) occur before the ECG changes or the onset of symptoms in the ischemic cascades. Left ventricular (LV) diastolic dysfunction occurs before systolic dysfunction; ECG abnormalities and chest pain are relatively late events (Fig. 1) . 5) RWMA detected by echocardiography correspond with the coronary artery territories, although there is some variation depending on the individual coronary artery anatomy 6) and dominance of the right coronary artery (RCA) and left circumflex arteries (LCX).
Detection of regional wall motion abnormalities
The severity of the wall motion abnormality depends on the transmural extent of the infarction, and the circumferential limits depend on the coronary arterial distribution. The ischemic myocardium continues to demonstrate some degree of passive forward motion because of the pulling action of adjacent nonischemic myocardium, but the contractility (systolic thickening) of the ischemic myocardial segments decreases or is absent. In a normal person, the LV free wall thickness increases by more than 40% during systole. Hypokinesis is defined as systolic wall thickening of less than 30%, and akinesis is defined as systolic wall thickening of less than 10%. Dyskinesis means that a myocardial segment moves outward during systole, usually in association with systolic wall thinning. 7) To detect RWMA, the LV is divided into several segments. American Society of Echocardiography scoring system is used most widely for grading the severity of a wall motion abnormality (Table 3) . 8) A 17-segment model has been proposed recently, which adds the apical cap. 9) This 17-segment model ( Fig. 2 ) is preferred for myocardial perfusion studies, which can be compared with other perfusion modalities {cardiac single photon emission computed tomography (SPECT), cardiac magnetic resonance image (MRI), cardiac computed tomography (CT) etc.}. Each segment is assigned Table 2 . Class I indications of echocardiography in patients with chest pain 1. Diagnosis of underlying cardiac disease in patients with chest pain and clinical evidence of valvular, pericardial, or primary myocardial disease. 2. Evaluation of chest pain in patients with suspected acute myocardial ischemia, when baseline ECG is nondiagnostic and when study can be obtained during pain or soon after its abatement. 3. Evaluation of chest pain in patients with suspected aortic dissection. 4 . Chest pain in patients with severe hemodynamic instability.
Fig. 1. Ischemic cascade:
In experimental models, left ventricular regional wall motion abnormalities are detected after the onset of ischemic stress, but before the appearance of ECG changes and subjective symptoms. 10)
The coronary arterial territories of the LV wall are depicted in Fig. 3. 9) The anterior, anterolateral, anteroseptal, and apical segments are in the distribution of the left anterior descending artery (LAD). The lateral wall and lateral apex correspond to the LCX distribution. The inferolateral wall is supplied by the posterior descending artery. In 80% of the population, the posterior descending artery arises from the RCA. In the other 20%, the posterior descending artery arises from the LCX (so called, left-dominant). The right ventricle (RV) is supplied by acute marginal branches arising from the RCA. The coronary artery anatomy may differ between individual patients, so the extent of segmental wall motion abnormalities may also differ between patients. In addition, the presence of collateral vasculatures and bypass graft must be considered.
Echocardiography can be useful for direct visualization of coronary arteries.
11)12) Detection of the ostia of the left and right coronary arteries and proximal part of the LAD and their flow is helpful for excluding an anomalous origin of a coronary artery, coronary aneurysm, and coronary fistula, associated with chest pain or sudden death. Use of a highfrequency transducer and a special setting of low Nyquist limits allow visualization of the coronary artery tree and evaluation of the coronary flow. 12) For instance, coronary flow reserve (CFR), expressed as the ratio of the peak diastolic flow velocity during maximal vasodilatation to that of the basal diastolic flow velocity, can predict coronary artery stenosis and can be used to elucidate other causes of chest pain, including myocardial hypertrophy, microvascular disease, and aortic stenosis. [13] [14] [15] TTE allows the evaluation of the diastolic coronary flow velocity in the distal LAD. An extremely slow diastolic velocity of less than 13 cm/s may suggest the pathologic flow, which can mean impairment of myocardial perfusion. 12) 16) The slow diastolic velocity can explain the "slow dye progression" phenomenon of coronary angiography in patients with angina-like chest pain. Retrograde flow at the anterior apex of the heart reflects the presence of collateral flow, which means the total occlusion of the LAD.
12)17)

Stress echocardiography
In most cases, a patient's cardiovascular symptoms are worsened by activity or stress. An adequate supply of oxygen to the myocardium is essential for preventing the development of ischemia and infarction. For example, coronary artery stenosis limits an appropriate increase in perfusion in response to an increased demand for blood flow, as occurs during exertion or emotional stress. Stress echocardiography compares the wall motion, myocardial perfusion, pressure gradient, pulmonary pressure, valvular regurgitation, or filling pressure before and after a stress to identify a pathologic condition, that is not apparent at rest. During a stress echocardiography, two-dimensional echocardiographic images at rest and during stress are digitized and displayed in a side-by-side format so that induced RWMAs can be detected easily.
The most common indication for stress echocardiography is the evaluation of myocardial ischemia, but this modality is also available in the evaluation of valvular heart disease, pulmonary hypertension, LV filling pressure (e.g. diastolic heart failure), and exertional dyspnea.
Echocardiography related to exercise or pharmacologic stress to assess the presence of ischemia is safe and effective in patients with acute chest pain, except myocardial infarction (MI) or unstable angina.
Stress echocardiography is performed during exercise or administration of pharmacologic agents. Exercise stress includes a treadmill exercise protocol (e.g. Bruce protocol) or a supine bicycle protocol. For a treadmill study, the patient is imaged at baseline and just after peak exercise. Because exercise-induced RWMA due to ischemia usually lasts for a few minutes after termination of exercise, it is important to acquire the immediate postexercise image to compare with the baseline preexercise image. The supine bicycle protocol can be used to obtain images throughout exercise, which allows for image comparison at low, medium, and high workloads. 18) Exercise echocardiography should be terminated if any of the following conditions occurs: (1) severe symptoms (chest pain, dyspnea), (2) severe ischemia (STsegment depression 5 mm or ST-segment elevation), (3) complex ectopy or ventricular tachycardia, (4) hypertensive blood pressure response ( 220 mmHg systolic, 110 mmHg diastolic), (5) hypotension ( 20 mmHg decrease compared with previous stage), or (6) reaching the target heart rate. 19) In one study, with using the wall motion criteria, the sensitivity and specificity of exercise stress echocardiography were 85% and 88%, respectively, compared with 85% and 81% for an exercise thallium scan. 20) When a patient cannot exercise properly, a pharmacologic stress test can be performed to induce ischemia with dobutamine, adenosine or dipyridamole. Dobutamine is used most commonly in stress echocardiography (Fig. 4) . Baseline images are obtained, followed by the infusion of dobutamine at incremental levels (usually 5, 10, 20, 30 and 40 / kg/min) of 3 minutes duration. Patients who do not reach target heart rate even after being given 40 /kg/min of dobutamine can perform handgrip maneuvers or be given intravenous atropine in doses of 0.1 to 0.25 mg up to total of 1 mg, unless they have contraindications. The test is terminated when the patient's heart rate reaches 85% of maximum predicted heart rate or the evidence of myocardial ischemia, hypotension, significant arrhythmia or drug-related side effects is developd. 21) In one study, dobutamine stress echocardiography was found to have a sensitivity of 89.5%, a specificity of 88.9%, and a negative predictive value of 98.5%. 22) Tissue Doppler imaging (TDI), strain rate imaging, or color kinesis are anticipated to improve the accuracy of stress echocardiography.
Contrast echocardiography
The LV opacification with imaging microbubbles improves the definition of the LV endocardial border (Fig. 5 ). This provides better quantification of LV volume and assessment of wall motion analysis. The administration of an echocardiographic contrast enhancing endocardial border has increased the sensitivity of stress echocardiography in the diagnosis of CAD. In one study, the percentage of wall segments visualized increased from 94.4% to 99.8% with the use of LV opacification during peak exercise. 23) Myocardial contrast echocardiography (MCE) allows the assessment of myocardial perfusion with microbubbles, delivered to small myocardial vessels for ventricular enhancement. Hypoperfused areas of myocardium lack the enhancement by a contrast agent. MCE is a reproducible and reliable technique for evaluating of the risk area after coronary occlusion, regional coronary flow reserve, myocardial viability, and the outcome of reperfusion.
24)
Fig. 4.
This figure illustrates the myocardial responses to a low dose and a peak dose of dobutamine. As the dobutamine dose is increased, coronary blood flow and contractility of the myocardium increase, and these improve the wall motion of myocardium. In ischemia, coronary artery stenosis prevents sufficient coronary blood flow, resulting in worsening of wall motion at a peak dose of dobutamine. If the myocardium that is akinetic at rest, is viable, myocardial contractility increases continuously with a low dose and a peak dose of dobutamine, indicating no further coronary stenosis after acute coronary artery disease. If the myocardium is viable but the coronary artery is still stenotic after acute coronary artery disease, myocardial wall motion improves initially at a low dose of dobutamine, but worsens with a peak dose. This phenomenon is called a biphasic response. When the myocardium is scarred, no improvement of myocardial wall motion occurs with an escalating dose of dobutamine. 
LV
Innovative ultrasound methods using harmonic imaging have been developed to exploit the interaction between microbubbles and ultrasound and to allow assessment of perfusion.
Harmonic imaging has recently been shown to provide improved endocardial definition relative to tissue harmonic imaging for specific regions of the endocardium, in particular the base and anterior wall. 25) In conventional echocardiography, images are derived from ultrasound waves returned at the same frequency as the transmitted waves. However, harmonic frequencies are also produced by the transmitted wave; in harmonic imaging, the machine uses the returning second harmonic to construct images. This improves image quality because there is less distortion of the returned ultrasound waves (they are generated in the heart and only have to pass through tissue once), and few harmonics are produced close to the chest wall where many artifacts arise. 26) This technique has recently been shown to be superior to routine evaluation to detect of CAD. 27)28) If the amount of microbubbles in the myocardium is sufficient, they can be destroyed with a high mechanical index ( 1.5) of ultrasound. In the normal myocardium, the microbubbles are replenished within five to seven cardiac cycles. However, in the myocardium with low or no perfusion, the microbubbles are not replenished normally, and the areas of myocardium affected appear dark or patchy.
29)30)
Detection of complications of acute myocardial infarction
In the hemodynamically unstable patients after acute MI, it is very important to identify immediately the underlying cause and to exclude cardiac rupture to ensure proper treatment. Two-dimensional echocardiography and color Doppler study are useful for identifying the cause in these patients, especially for checking mechanical complications (e.g. ventricular septal rupture, papillary muscle rupture, free wall rupture). Therefore, echocardiography is the mainstay of diagnosis of mechanical complications of MI, 31) and patients with unexplained hemodynamic deterioration should be evaluated immediately (Table 4) . Thrombolytic therapy and primary percutaneous coronary intervention have been reported to reduce the incidence of mechanical complications.
V Ve en nt tr ri ic cu ul la ar r s se ep pt ta al l r ru up pt tu ur re e Ventricular septal rupture occurs in 1-3% of patients after MI, and it occurs during the early phase of acute infarction (almost within the first week). The typical clinical presentation is a new systolic murmur, with abrupt hemodynamic deterioration. The risk factors for development of ventricular septal rupture include old age ( 65 years), hypertension, anterior wall infarction, first infarction, or lack of collateral circulations. 32) Two-dimensional echocardiography may show a discrete defect, but there may also be multiple serpiginous channels in the necrotic myocardium (Fig. 6) . The diagnosis can usually be made by TTE, and experience is 33) Intra-aortic counterpulsation can be used to stabilize the patient with cardiogenic shock before surgery.
RV
P Pa ap pi il ll la ar ry y m mu us sc cl le e r ru up pt tu ur re e
The necrosis and rupture of a papillary muscle causes acute mitral regurgitation (MR) in patients with acute MI. The clinical presentation of papillary muscle rupture is variable. About 50% of patients with acute MR do not have a systolic murmur because of rapid equalization of the LV and left atrial (LA) pressure. In addition, the murmur can be attenuated by a crackled lung sound caused by pulmonary edema. Rupture usually involves the posteromedial papillary muscle, perfused from the posterior descending artery alone, whereas the anterolateral papillary muscle has a dual blood supply from both the diagonal and circumflex arteries.
Two-dimensional echocardiography can detect abnormalities of the mitral valve apparatus, including prolapse of one or both leaflets, a flail leaflet, and liberation of a portion of the papillary muscle (Fig. 7) . A papillary muscle rupture should be suspected when there is eccentric jet of MR with a relatively normal-sized LA. TEE is a particularly suitable imaging modality 34) and should be performed immediately if this diagnosis is suspected because it provides high-resolution images of the papillary muscles and accurate assessment of the severity of MR.
Papillary muscle rupture and acute severe MR is a lifethreatening condition that requires urgent surgical intervention. Once a papillary muscle rupture has been diagnosed, immediate mitral valve replacement and coronary revascularization is necessary for patient's survival.
Rupture of the free wall of the LV is a fatal mechanical complication of acute MI that occurs in about 1% of patients with MI. Free wall rupture is prone to the patients with a transmural MI involving the inferolateral wall in association with the LCX. The administration of thrombolytic agents may promote cardiac rupture, presumably because of a hemorrhagic tendency. Free wall rupture usually presents clinically as hemodynamic collapse and sudden death. Direct visualization of the free wall rupture is often difficult because it may be only a "slit" in the myocardium and the location of pericardial fluid may not correlate with the area of rupture (Fig. 8 ). It is rare for a color Doppler study to show blood flow into the pericardium. When the diagnosis is uncertain, the use of left heart contrast may delineate the tear. An intrapericardial thrombus is often present and is very characteristic. It appears as an echo-dense mass that may be mobile and undulating within the pericardial space or immobile and impinging on cardiac chambers. 35) Negative echocardiographic findings should not exclude myocardial rupture, if the clinical suspicion is high.
The mortality is so high unless appropriate treatment is given, that clinical suspicion, early detection and prompt surgical intervention are indispensable for good clinical outcome.
A pseudoaneurysm is characterized by a small neck communication that connects the LV and aneurismal cavity. The majority of pseudoaneurysms are located in inferoposterior or inferolateral regions, in association with the RCA or LCX.
It is important to distinguish a pseudoaneurysm, which has a high possibility of spontaneous rupture, from a true aneurysm, which seldom ruptures spontaneously. In a true aneurysm, there is continuity of the myocardium in the region of dilatation, in contrast to the loss of this continuity in a pseudoaneurysm with an abrupt area of rupture. An echocardiographic feature of pseudoaneurysm is the narrow neck. The ratio of the diameter of entry and the maximal diameter of the pseudoaneurysm is usually 0.5, although this feature is not always reliable and has only a 60% sensitivity. 36) Spectral and color Doppler studies demonstrate characteristic "to-and-pro" flow through the rupture site. Contrast echocardiography can be helpful in locating the point of communication. Fig. 9 demonstrates the difference between a true aneurysm and a pseudoaneurysm.
R Ri ig gh ht t v ve en nt tr ri ic cu ul la ar r i in nf fa ar rc ct ti io on n
The RV is involved in acute MI frequently. RV infarction occurs in up to 50% of inferior wall MI, but hemodynamically significant RV infarction occurs infrequently. 37) Many RCA occlusions do not result in significant RV infarction because of the lower RV oxygen demand, higher oxygen extraction ratio, greater systolic/diastolic flow ratio, and collateral supply. However, once a patient develops cardiogenic shock due to RV infarction, the mortality is so high that initial recognition and treatment are very important. The clinical settings of a suspected RV infarction are unexplained hypotension or low cardiac output after acute MI, marked hypotension after administration of nitrates, and unexplained hypoxemia after acute MI. Patients who have an RV infarction present with increased jugular venous pressure but clear lung fields. Echocardiography plays an important role in the diagnosis and assessment of RV infarction. The RV is dilated and hypokinetic to akinetic (Fig. 10) . Tricuspid regurgitation may appear and become significant because of dilatation of the tricuspid annulus. TDI may provide additional evidences of RV infarction. In
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True aneurysm Pseudoaneurysm one study, a tricuspid valve annulus peak velocity less than 12 cm/s had a sensitivity of 81%, specificity of 82%, and negative predictive value of 92% for RV infarction.
38)
L Le ef ft t v ve en nt tr ri ic cu ul la ar r t th hr ro om mb bu us s
When a segmental wall motion abnormality is present in the LV cavity, it is prone to form a thrombus, most commonly in the LV apex resulting from occlusion of the LAD. The peak timing of thrombus formation after MI is 3 days, but thrombus may occur as early as within few hours in large areas of apical akinesis and may occur a few weeks after acute MI.
Because of concern about a potential embolic event, patients with a large apical infarction or ventricular aneurysm should be given anticoagulation properly.
Two-dimensional echocardiography is the most practical and reliable imaging modality for detecting a LV thrombus. The echocardiographic finding of a thrombus is a mass that is distinct from the endocardium and protruding to a variable extent into the LV cavity (Fig. 11) . Characteristically, a thrombus has a nonhomogeneous echo density. The base of attachment to the wall may be broad in a sessile thrombus, or narrow in a pedunculated thrombus, which has a greater chance of embolization. Contrast echocardiography is also helpful in detecting a LV thrombus.
P Po os st ti in nf fa ar rc ct ti io on n p pe er ri ic ca ar rd di it ti is s a an nd d p pe er rc ca ar rd di ia al l e ef ff fu us si io on n Hemodynamically insignificant pericardial effusion is common after MI, especially after a large transmural infarction. Pericardial friction rubs and/or pericardial pain are frequently encountered in patients with a transmural MI. It is important to identify the chest pain of pericarditis accurately, because failure to be aware of it may lead to the incorrect diagnosis of recurrent ischemic pain and/or infarct extension, with resulting inappropriate use of anticoagulants, nitrates, beta-blockers, or coronary angiography.
Echocardiography is a sensitive technique for diagnosing pericardial effusion, although the absence of fluid does not exclude pericarditis. Echocardiography can identify a site for percutaneous drainage if required and can be used to monitor the procedure. The effusion does not increase morbidity and mortality in MI but serves as another indicator of a large area infarction. Larger effusion or echocardiographic dense effusions representing hemorrhage should always make the clinicians consider a free wall rupture.
39)
Role of transesophageal echocardiography in acute coronary syndrome
In patients with severe hemodynamic compromise, TTE may be limited by mechanical ventilation, recent cardiac surgery, or an inability to position the patient adequately. In this situation, TEE has proven to be efficacious, especially in ruling out complications related to cardiac rupture and for assessing global and regional ventricular function. 40) With careful sedation and close monitoring, TEE can be performed safely even in patients with early acute MI. 41) However, it does have chances of potential complications, TEE should be performed by an experienced physician. It is relatively contraindicated in patients with esophageal diseases-for example, varices, stricture, esophagitis, scleroderma-and may be hazardous in patients with severe coagulopathy or poor respiratory function.
R Ro ol le e o of f E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y i in n A Ac cu ut te e P Pe er ri ic ca ar rd di ia al l D Di is se ea as se es s
Acute pericardial abnormalities can range from the pleuritic chest pain of pericarditis to marked hemodynamic collapse and even death from tamponade. Echocardiography is the most powerful tool for diagnosing pericardial diseases, especially in emergent clinical settings (e.g. pericardial effusion, pericardial tamponade). When a pericardial effusion or tamponade needs to be drained, pericardiocentesis can be performed most safely under the guidance of twodimensional echocardiography. 42) TEE is also helpful in measuring pericardial thickness, in evaluating diastolic function from pulmonary vein, and in detecting loculated pericardial effusion or other structural abnormalities of the pericardium.
Pericardial effusion and tamponade
The filling of the pericardial space with fluid or blood results in a pericardial effusion, detected as an echo-free space. A small amount of effusion may be detected usually as a posterior echo-free space in the parasternal long axis view in the ventricular systolic phase. When the amount of pericardial effusion is massive, the heart may have a "swinging" motion in the pericardial cavity. However, the swinging motion is not always present in cardiac tamponade. Cardiac tamponade can occur with a small amount of pericardial effusion if the effusion accumulates rapidly. 43) Two-dimensional echocardiographic features of a tamponade include early diastolic collapse of the RV, late diastolic right atrial inversion, abnormal ventricular septal motion, respiratory variation in ventricle chamber size, and plethora of the inferior vena cava with blunted respiratory changes.
The Doppler echocardiographic findings of pericardial effusion and tamponade are more sensitive than the twodimensional echocardiographic features. 44) Cardiac tamponade makes the four cardiac chamber pressures equal. During inspiration, the venous return and RV filling increase and that result in a leftward septal shift. Therefore, the Doppler ultrasound shows that tricuspid and pulmonic valve flow velocities increase markedly during inspiration, while pulmonic vein, mitral, and aortic flow velocities diminish.
Echocardiographically-guided pericardiocentesis
The most effective therapy of tamponade is elimination of the pericardial fluid. If manifestations of tamponade appear, pericardial drainage must be performed immediately because relief of the intrapericardial pressure may be lifesaving. Intravenous saline may be administered as the patient is being readied. Pericardiocentesis is very useful for lifesaving in tamponade, but a blind percutaneous attempt has a high rate of complications, including pneumothorax, puncture of the cardiac wall, and even death. Two-dimensional echocardiography provides guidance of the needle by locating the optimal site of the puncture, by determining the depth of the pericardial effusion, usually from the subcostal view. The position of the puncture needle can be confirmed by imaging with administration of agitated saline. 45) Twodimensional echocardiography can be used to monitor the result of pericardiocentesis.
E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y i in n A Ac cu ut te e A Ao or rt ti ic c D Di is se ea as se es s
Because of the high mortality rate and the need for early medical and surgical treatment in acute aortic diseases, rapid and accurate diagnostic techniques are indispensable. In this aspect, echocardiography can play a key role in diagnosis acute aortic diseases. Compared with other modalities (CT, MRI), echocardiography has the advantage of being applicable in any hospital department-without the need to transfer the patient, who is often in an unstable hemodynamic situation, is being monitored, and has an intravenous line in place. In this section, we focus on aortic dissection, a potentially life-threatening condition.
Aortic dissections are classified by the location of the tear and the extent of involvement. The diagnosis and identification of the location and extent of an aortic dissection are important for optimal treatment. For instance, a proximal aortic dissection requires urgent surgical intervention, whereas a distal aortic dissection is treated medically, unless the patient has severe, ongoing pain or the patient is hemodynamically unstable.
TTE is a good modality for identifying a proximal aortic dissection. The parasternal view allows one to see the aortic root, the lower third of the ascending aorta, and part of the descending thoracic aorta behind the LA (Fig. 12) . The aortic arch, the origin of the supra-aortic trunks, and the proximal third of the descending aorta, can be assessed using the suprasternal view. However, the main limitation of TTE is the difficulty in obtaining good quality images. And the diagnostic errors are frequent when the dissection is small or another type of aortic disease is present. The low negative predictive value of TTE does not permit the diagnosis of dissection to be ruled out, and further tests will be required. 46) 47) Because of the proximity between the esophagus and aorta, TEE can acquire the imaging of aorta without disturbance of the chest wall or lung. Because it provides a clearer and more complete view of the entire aorta, TEE is now the most common initial diagnostic imaging modality for diagnosing aortic dissection, with CT. TEE requires greater skill and patient cooperation but is very accurate in identifying dissections of the ascending and descending thoracic aorta, achieving 98% sensitivity and approximately 90% specificity. 48) The surgical approach may differ depending on the location of the entry tear, particularly in retrograde dissections of the ascending aorta (20% of cases). 49) Occasionally, two-dimensional echocardiography cannot be visualized the intimal tear in the proximal part of the arch. In these cases, color Doppler may be helpful by showing a turbulent jet flow directed towards the false lumen. Using pulsedwave Doppler, it can be verified that the flow velocity at the tear is usually below 1.5 m/s and that the flow goes from the true to the false lumen in systole.
In certain cases, false lumen identification is important for the management. For example, when the aortic arch is involved, the surgeon needs to know whether the supraaortic vessels originate from the false lumen. The distinction between a true and false lumen is relatively easy. The false lumen is usually larger and has less blood flow than the true lumen. Partial thrombosis of the false lumen is present frequently and total thrombosis is present occasionally (Fig. 13) . Doppler study may be useful for differentiating the true lumen from the false lumen. Furthermore, variants of acute aortic syndromes such as intramural hematoma and atherosclerotic penetrating ulcers can also be identified.
Another advantage of TEE is the capability of detecting the potential complications of acute aortic dissection, including hemopericardium, coronary involvement, 50) and aortic insufficiency. When aortic regurgitation is present, its mechanism can be defined by TEE. This is very useful to surgeons for identifying patients who are good candidates for valve repair.
Although TEE is a very sensitive diagnostic tool for diagnosing acute aortic diseases, TEE is a semi-invasive technique. When the probe is inserted into the upper gastrointestinal tract, heart rate and blood pressure can be increased, and arterial oxygen saturation may be decreased. And these situations can make patients dangerous hemodynamically. For this reason, it is important to administer adequate sedation and monitor arterial pressure, with an intravenous line in place for antihypertensive drug administration if needed.
E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y i in n A Ac cu ut te e P Pu ul lm mo on na ar ry y E Em mb bo ol li is sm m Acute PE is an important clinical problem with 10% mortality. 51) Symptoms and signs of PE are often nonspecific or overlap with other acute cardio-pulmonary syndromes. Although there are ECG changes that are more common in PE, including the S1Q3T3 pattern, atrial tachyarrhythmias, incomplete right bundle-branch block, or negative T wave in the right and midprecordial leads, the ECG alone is not sufficiently sensitive or specific to rule out or confirm the diagnosis.
52)53)
Although checking of serum D-dimer level and contrastenhanced CT are the basic diagnostic tools for PE, echocardiography can also play a role in diagnosis and management of PE, especially in evaluating RV function. Bedside echocardiography can usually differentiate reliably among illnesses that have radically different treatment, including
Role of Echocardiography in the Emergency Department Tae-Seok Kim and Ho-Joong Youn Ao LPA MPA acute MI, pericardial tamponade, dissection of the aorta, and PE complicated by right heart failure. RV dilatation is the most consistent echocardiographic finding in a massive PE. 54) Right-to-left septal shifting may occur because of increased pressure of pulmonary artery. 55) Echocardiography can play an important role in the management of the patients by identifying the position of the interventricular septum and the degree of pulmonary arterial pressure.
McConnell's sign (i.e.-RV free wall hypokinesis with normal RV apical motion) appears to be helpful for diagnosis of a massive PE. 56) On occasion, thrombi-in-transit are detected in the chambers on the right side of the heart. 57) These thrombi are highly mobile and appear like a popcorn or a snake. Their presence is a clear marker of high risk because these patients have typically suffered from a massive PE and more often manifest overt RV dysfunction, and greater hemodynamic compromise, and have a worse prognosis. 58) Detection of RV dysfunction due to PE helps to stratify the risk, delineate the prognosis, and plan optimal management. Echocardiographic evidence of RV hypokinesis predicts a two-fold increase in mortality in 2 weeks and 3 months. 59) Transthoracic parasternal short axis view at the base of the heart allows direct visualization of a thrombus inside the pulmonary artery (Fig. 14) . In addition, the main pulmonary trunk and its bifurcation are well visualized by TEE. TEE has been shown to have comparable sensitivity (80%-97%) and specificity (86%-100%) as spiral CT for detecting central pulmonary emboli. Thus, TEE may play a role in the diagnosis of central PE, and is perhaps best applied in the setting of hemodynamical instability.
E Ec ch ho oc ca ar rd di io og gr ra ap ph hy y i in n O Ot th he er r C Co on nd di it ti io on ns s
Dyspnea is one of the cardinal symptoms of the heart disease. When a patient visits the ED with a chief complaint of acute onset dyspnea, it is important to identify the cause of dyspnea, and especially to distinguish cardiac from pulmonary origin. When the etiology is in doubt, echocardiography can play a key role in elucidating the origin of dyspnea by documenting or ruling out the common cardiac causes of pulmonary congestion. 60) In this regard, echocardiography can be the preferred initial diagnostic modality when the history, physical examination, and routine laboratory tests cannot identify the cause of dyspnea (Table 5 ). Echocardiography can be useful in diagnosing other conditions, such as peripheral edema and unexplained hypotension. The ACC/AHA committee provided guidelines for clinical application of echocardiography in 1997, and these include the indications in patients with edema, dyspnea, and cardiomyopathy (Table 6) . 3) C Co on nc cl lu us si io on n Echocardiography is a valuable, noninvasive diagnostic tool that can provide information about cardiac function and valvular abnormalities, and alternative explanations for causes of chest pain and shortness of breath. In the ED, an early, bedside, echocardiographic examination is a safe and cost-effective technique for evaluating further patients with chest pain, elusive clinical findings, and nondiagnostic ECGs. Stress echocardiography can provide additional information about myocardial ischemia and hemodynamic changes. MCE can evaluate the myocardial perfusion state and assess myocardial viability after ischemic attack. In the acute coronary syndrome, two-dimensional and Doppler echocardiography can play a key role in both diagnosing acute coronary syndrome and detecting complications of MI.
Echocardiography promptly confirms the presence of and hemodynamic changes in acute pericardial emergencies, including pericardial effusion, and cardiac tamponade. Echocardiography guidance allows the clinician to perform urgent pericardiocentesis safely in the same direction as the probe was aimed during the echocardiography. TEE has great value for the rapid identification of acute aortic disease and should be used in the ED to diagnose such unstable patients correctly.
Although echocardiography is widely used in various fields, echocardiography has some limitations. Adequate training and skillful technique are required to obtain a good image. It is difficult to acquire a good image from certain patients, especially those who have chronic obstructive lung disease, morbid obesity, or chest deformity. The immediate availability of a skilled sonographer is essential and may be a problem in clinics.
Ongoing advances in imaging acquisition and analysis in echocardiography will make the echocardiography more popular for evaluating and diagnosing diseases.
